SYNOPSIS Fifty-four thymus glands removed surgically from patients with myasthenia gravis were examined using an accurate morphometric technique and the data compared with the response to thymectomy. There is a tendency for patients with relatively unreactive thymus glands to obtain a better result from thymectomy but this is not statistically significant.
Germinal centres were first reported in the thymus glands of patients with myasthenia gravis by Barton and Branch (1937) and Miller (1940) . They made only passing reference to them; at that time it was believed that the characteristic histological features of the myasthenic thymus was 'hyperplasia'. However, Sloan (1943) recognized that germinal centre formation was the characteristic feature of myasthenic thymus glands. Subsequently, the studies of Keynes (1946 Keynes ( , 1949 showed that thymectomy caused amelioration of the patients' clinical status. Despite this, only five groups have studied whether there was any correlation between the histological changes in the thymus and the response to thymectomy.
No uniform opinion has emerged from these studies. Castleman and Norris (1949) , in a study of 23 cases, failed to find any relationship between the thymic changes and the response to thymectomy. Mackay et al. (1968) studied 10 patients and concluded that the patients who did best were a group of young females whose thymus glands contained numerous germinal centres. Alpert et al. (1971) studied 79 myasthenic patients, assessing the thymic histology semiquantitatively, and noted that the most favourable response to thymectomy was obtained in subjects whose thymus gland contained few or no germinal centres. Seybold et al. (1971) in a study of 102 patients with juvenile myas-thenia gravis could detect no correlation between 'thymic hyperplasia' and the response to thymectomy. Finally, Reinglass and Brickel (1973) studied 12 patients and failed to detect any correlation between the histological appearances and the response to thymectomy.
The present study using strict histological quantitation methods was initiated to determine the following:
1. If the percentages of thymus glands occupied by cortex and medulla in subjects with myasthenia gravis differs from the data obtained by Hammar (1926) in a study of normal subjects who died suddenly-that is, do they show stress involution or other changes in the amounts of cortex and medulla present? 2. The relationship between the density of germinal centres and the following: (a) response to thymectomy; (b) age at thymectomy; (c) duration of symptoms preoperatively.
3. Relationship between germinal centre size and the postoperative response.
METHODS
THYMIC QUANTITATION All available blocks were studied. The area of each section and the percentage of it occupied by cortex, medulla, and interstitial tissue were determined by methods previously described (Vetters and Barclay, 1973) .
As previously discussed (Vetters and Barclay, 1973) Alpert et al. (1971) . The assessment was performed without knowledge of the results of the quantitation studies.
DETAILS OF GROUP STUDIED A total of 54 patients was studied. Of these, six had thymic tumours; their ages were 32, 41, 43, 49, 59 , and 65 years. Excluding two subjects with juvenile myasthenia gravis (both 2 year old females), the average age of the remaining subjects was 27-8 ± 10 9 years. The age distribution of the subjects without thymic tumours is shown in Fig. 1 .
The duration of symptoms before surgery is shown in Fig. 2 . The average duration of symptoms preoperatively was 3-0 years; the standard error of the mean was 3-7. The rather long preoperative period is largely due to the inclusion of early Glasgow thymectomy cases and patients referred from other centres; both of these groups were given prolonged medical treatment before surgery was undertaken. When circumstances permit, we prefer to operate at an earlier time.
RESULTS

COMPARISON WITH HAMMAR S DATA FOR SUBJECTS
WHO DIED SUDDENLY It is known from the experimental and clinical studies (de Sousa and Fachet, 1972; Hammar, 1926 Hammar, , 1929 clusters-that is, germinal centres and RLCexpressed as ratios of medulla or cortex (Table  3) . Exclusion of the tumour group did not affect this.
Age at operation No correlation was found between age and numbers of reactive lymphoid structures (Table 4) . Exclusion of subjects with thymomata did not affect the result.
Duration of symptoms The duration of symptoms before operation bore no relationship to the density of germinal centres and RLC (Table 5) . (Hammar, 1929) . It is therefore reasonable to conclude that, while the data may indicate a genuine increase in medullary tissue that is, true medullary hyperplasia-it is equally likely that the changes are due to stress. Moreover, the data of Castleman and Norris (1949) show that it is more common for myasthenic thymus glands to weigh less than average, compared with normal subjects of the same age. The term 'thymic hyperplasia' is therefore misleading and should be avoided.
CORRELATION OF HISTOLOGICAL FEATURES WITH
RESPONSE TO SURGERY Previous studies into a possible relationship between the histological appearances of thymus glands removed surgically for myasthenia gravis and the postoperative response have fallen into three groups: (1) no relationship (Castleman and Norris, 1949; Seybold et al., 1971; Reinglass and Brickel, 1973) ; (2) favourable response correlates with presence of numerous germinal centres (Mackay et al., 1968) ; (3) favourable response more likely in thymus glands with few germinal centres (Alpert et al., 1971) .
No previous authors have used quantitative methods. The only previous studies to use semiquantitative methods were those of Alpert et al. and Reinglass and Brickel. The study of Mackay et al. (1968) used subjective assessment of the histological changes. The period of follow-up was short-a maximum of 30 months. In addition, the group studied by Mackay was small and contained an unusually high proportion of subjects with thymic tumours. It is therefore reasonable to regard these results as being anomalous because of the small number of cases studied.
The study of Alpert et al. (1971) also included a relatively high proportion of patients with thymic tumours (27 out of 79 cases) but the period of follow-up was much longer and the histological assessment was made in a semiquantitative manner. Alpert and his associates concluded that the patients with the least reactive thymus glands tend to experience more rapid benefit from thymectomy. Reinglass and Brickel (1973) studied 12 patients, most of whom were young females; none of their subjects had thymic tumours. They used semiquantitative methods and were unable to detect any correlation between the result of thymectomy and the histological appearances of the thymus. The seven patients who benefited from thymectomy did so within one year of surgery.
The present study shows a tendency for better results to be obtained in subjects with relatively non-reactive thymus glands, but the results are not statistically significant. They are therefore not in disagreement with the conclusions of Castleman and Norris (1949), Seybold et al. (1971) , and Reinglass and Brickel (1973) who failed to find any connection between the postoperative response and the histological appearances of the resected thymus glands.
A study of the data presented by Alpert and his associates also shows a tendency for patients with relatively non-reactive thymus glands to respond favourably. However, the difference in incidence of thymic germinal centres between those who respond favourably and those who do not experience benefit from thymectomy is not statistically significant. Additionally, statistical analysis of the data given in Alpert et al.'s Fig. 3 shows that there is no statistical difference in the incidence of germinal centres between the group of patients who developed remission within one year and those who developed a clinical remission after two years. Although both the present group and that of Alpert et al. show a tendency to obtain better results in subjects with relatively non-reactive thymus glands, neither groups' data achieve statistical significance. Unfortunately, because of differences in the quantitation methods used, it is not possible to pool the results in an attempt to achieve statistical significance.
The hypothesis advanced by Alpert et al. (1971) that the myasthenic thymus produces lymphocytes which in turn induce neuromuscular damage is an attractive one. In view of the wellknown long life span of thymic derived lymphocytes it would be reasonable to assume that the more active the thymus is in producing lymphocytes which can induce neuromuscular damage, the longer it would take for a patient to undergo remission.
An alternative hypothesis, advanced by Gideon Goldstein (Goldstein, 1966) that the thymus in myasthenia gravis is damaged by an autoimmune reaction 'thymitis' and releases excessive amounts of a postulated neuromuscular transmission inhibiting hormone 'thymin' has several flaws. Firstly, the presence of lymphoid follicles in human thymus which Mackay et al. (1968) term 'thymitis' is not specific for myasthenia gravis. Lymphoid follicles are readily detectable in many young subjects who die suddenly (Middleton, 1967) , or who have operations to correct congenital heart disease (Henry, 1968; Vetters and Barclay, 1973) . Further, lymphoid follicles are seen frequently in other diseases now believed to have an autoimmune basis-indeed, Sloan (1943) observed lymphoid follicle formation in subjects with Addison's disease, acromegaly, and thyrotoxicosis. It would therefore be necessary to postulate that only one disease with thymic germinal centre formation causes excessive release of 'thymin' while others, histologically identical, do not. Secondly, if 'thymin' does exist and is a hormone, its site of production in the thymus has not been elicited. It is true that ultrastructural evidence of hormone production by the thymus (in Hassall's corpuscles) has been produced by Vetters and Macadam (1973) , but we do not believe this substance is 'thymin' but 'thymosin', a hormone isolated by Allan Goldstein (Goldstein et al, 1972) and detected in peripheral blood by Bach (1973 
